Abstract
INTRODUCTION
S everal studies reported a change in intraocular pressure (IOP) after intraocular surgery. Most of them focused on cataract extraction (CE), the most performed type of surgery in the world [1] [2] [3] [4] [5] . Trans pars plana vitrectomy (TPPV) is another type of intraocular surgery that is performed regularly in the ophthalmic practice. The indications and number of TPPVs performed are increasing. Although less is known about the change in IOP after TPPV than after CE, studies have shown that vitrectomy causes an elevation of 5%-35% of the IOP postoperatively [6] [7] [8] . In patients who underwent CE the IOP decreased significantly, ranging from 14.2% to 21.1% at one month follow-up [2] [3] [4] [5] . Also, after CE the number of IOPlowering medications was decreased in glaucoma patients [4, 9] . Patients with a high preoperative IOP or patient who develop a deep anterior chamber postoperatively tend to have a greater reduction in postoperative IOP, respectively 3.7±2.5 mm Hg and 2.3±1.0 mm Hg [10] [11] [12] [13] [14] . After TPPV the IOP and risk of glaucoma may increase, but studies are inconsistent [15] [16] [17] . The reason for the effect of TPPV on IOP still remains unclear. Chang theorized that oxidative stress would affect the cells of the trabecular meshwork, causing a rise in IOP [18] . However, TPPV having an effect on the biomechanical properties of the cornea could also be a possible explanation. The gold standard for measuring the IOP still is Goldmann applanation tonometry (GAT) [19] . GAT measures the force that is needed to applanate the central cornea. Therefore it is affected by the biomechanical properties of the cornea, like the central corneal thickness and rigidity [20] . Pascal dynamic contour tonometry (PDCT) is another method of measuring the IOP [21] . In PDCT the measuring tip is made to match the contour of the cornea, thus being less affected by the biomechanical properties of the cornea [6, [20] [21] . The objective of this study is to assess whether there are different changes in IOP after different types of intraocular surgery (TPPV with or without CE).
SUBJECTS AND METHODS Ethical Approval
The Medical Ethics Committee of the Erasmus University approved the study and the study adhered to the tenets of the Declaration of Helsinki. For this study retrospective data of regular visits of patients was used; therefore, neither a written informed consent was required nor did the patients receive a stipend. Participants All patients undergoing TPPV surgery with or without CE by phacoemulsification with intraocular lens (IOL) implant between March and July at the Erasmus Medical Center Rotterdam, the Netherlands, were considered eligible. Eyes with an ocular trauma were excluded from the study. Other exclusion criteria were: patients who were less mobile, patients with cognitive impairment, patients with a corneal transplant, and patients with surgical complications. Intraocular surgery consisted of TPPV or a combination of TPPV and CE. The IOP was measured preoperatively, and 1mo postoperatively. Surgical Procedure In all patients, a 25-gauge TPPV with or without laser coagulation was performed. Depending on the indication for TPPV, the tamponades air, SF 6 -gas or oil were used. In the TPPV+CE group, CE was performed in addition to the TPPV. CE consisted of phacoemulsification with IOL implantation through a 2.4-mm corneoscleral incision. The corneal incisions were self-sealing and left unsutured. Postoperatively, all patients were treated with prednisolone 1.0% eye drops four times daily for one week, and thereafter the eyedrops were tapered with 1 drop a week, in the operated eye. All surgical procedures were completed without complications by the same surgeon (Kılıç E). To minimize device-dependent IOP changes the same surgical device was used [22] [23] . Ophthalmic Examination Patients underwent a comprehensive ophthalmic examination before and after surgery. IOP was measured in both eyes, where the non-operated eye served as a control. A drop of topical oxybuprocaine 0.4% mixed with fluorescence sodium 0.25% was introduced into both eyes. IOP was measured with GAT (Haag-Streit, Köniz, Switzerland) and PDCT (SMT Swiss Microtechnology, Zurich, Switzerland). Both devices had been calibrated conform manufacturers standards. For a GAT measurement there is no quantitative quality measurement, but PDCT registers the quality of the measurement. This measurement (Q) is a number between 1 to 5, where Q1 is good, Q2 and Q3 are acceptable, and Q4 and Q5 are poor measurements. If the PDCT quality measurement was Q4 or Q5 the measurement was discarded. IOP was first measured with GAT to prevent bias from the semiautomatic recording of PDCT. After two to three minutes IOP was measured with PDCT. Measurements with both GAT and PDCT were taken twice. A third measurement was taken if the difference in the first two measurements was more than 2 mm Hg or if the quality of the PDCT measurement exceeded Q3. If 2 measurements were taken, the measurement with the best Q was used or the average if the Q of both measurements were equal. The median was used if 3 measurements were taken. The method of IOP measurement was exactly the same before and after surgery. The measurement was taken one hour before start of the intraocular surgery, before the start of the preoperative preparations. One month postoperatively, IOP was also measured with GAT and PDCT according to a similar procedure. To minimize the possible effect of diurnal variation in IOP the measurements were performed within a time frame of one hour [24] . All IOP measurements were performed by the same investigator (Kovacic H), except of the postoperative GAT measurements (ophthalmic residents). The one-month postoperative appointments were tracked with the electronic patient database of the hospital. General data of the patient, such as age, gender, previous surgery, pre-operative refraction, and axial length were recorded. Statistical Analysis Analysis focused on the differences between GAT and PDCT. First, we assessed the effect of the quality of the PDCT measurement on IOP. Next, the agreement between GAT and PDCT was evaluated statistically. Scatterplots were made for the preoperative and postoperative averages of the GAT and PDCT. The Bland-Altman method, using Medcalc 13.3.0 statistical software (Ostend, Belgium), was applied to plot the difference in IOP between the two measurements versus the mean of the two measurements [25] . The paired samples t-test was used to assess the differences between pre-and postoperative IOP measurements taken with GAT and those taken with PDCT. The Shapiro-Wilk test was used to test the continuous data for normality. Differences in IOP between the TPPV and TPPV+CE group were evaluated with the independent samples t-test or the Mann-Whitney U test for continuous variables and the Chi-square test for categorical variables. We also checked whether there were any postoperative differences in IOP related to the type of tamponade used during TPPV. Linear regression models were used to examine the associations between IOP and the type of operation adjusted for age, gender and variables showing a significant univariate difference between the TPPV and TPPV+CE group. Statistical analyses were performed using SPSS v22.0 for Windows (SPSS Inc., Chicago, IL, USA). A P-value of <0.05 was considered statistically significant. RESULTS Forty-six eyes of 46 patients were included for analysis and 46 contralateral eyes for comparison. The mean±standard deviation age was 64.1±13.7y, spherical equivalent was -1.4±4.2 D, axial length 23.9±1.7 mm, and 26 (56.5%) were female. A total of 13 (28.3%) patients were on glaucoma medication, 2 (4.3%) had a history of glaucoma surgery. Figure 2A and 2C display the Bland-Altman analysis preand postoperative, respectively. The mean difference between GAT and PDCT preoperatively was 2.9 mm Hg with 95% limits of agreement ranging from -3.2 mm Hg to 9.0 mm Hg. Postoperatively, the mean difference between the two methods was 1.2 mm Hg with 95% limits of agreement ranging from -8.3 mm Hg to 10.7 mm Hg. Figure 2B and 2D present the preoperative linear regression analysis with IOP(GAT) = 3.8+0.9 IOP(PDCT), and the postoperative linear regression analysis with IOP(GAT) = 6.8+0.6 IOP(PDCT). Table 1 show the difference in pre-and postoperative IOP for the operated and non-operated eyes, respectively, measured with GAT and PDCT. The mean IOP decreased significantly when measured with GAT (P=0.011), but remained stable when measured with PDCT. As expected, for the non-operated (control) eyes there was neither a significant difference in IOP measured with GAT (P=0.673) nor with PDCT (P=0.137). The indications for TPPV were epiretinal membrane (n=12 eyes), retinal detachment (n=13 eyes), macular hole (n=6 eyes), vitreous hemorrhage (n=5 eyes), vitreomacular traction syndrome (n=5 eyes), floaters (n=3 eyes), and diagnostic vitreous biopsy (n=2 eyes). The types of tamponade used were air (n=23 eyes), SF 6 -gas (n=12 eyes) and oil (n=11 eyes). There were no significant differences in type of tamponade used between patients that underwent TPPV and those that underwent TPPV+CE. Furthermore, differences in IOP between air, gas, and oil tamponades were not significant when measured with GAT (P=0.327) and with PDCT (P=0.813). In the univariate analysis no significant differences in the baseline demographics of the patients between TPPV and TPPV+CE were observed, except for previous surgery (P<0.001). Table 2 shows the IOP between the TPPV and TPPV+CE group. Preoperatively, no significant differences in IOP were found when measured with GAT (P=0.402) and PDCT (P=0.063) between the TPPV and TPPV+CE group. Postoperatively, there were also no significant differences in When measured with GAT a significant decrease in postoperative IOP was observed, which is consistent with previous studies [2] [3] . Although corneal hysteresis was not actually measured, this decrease might at least partly be explained by a measurement error due to changes in the biomechanical properties of the cornea. Changes in corneal biomechanical properties were shown before by de Freitas Valbon et al [26] . They found a significantly lower corneal resistance 30d after surgery, probably causing an underestimation of measured IOP. However, other biomechanical properties did not differ 30d postoperatively. Also, another study showed that differences between PDCT and GAT are associated with biomechanical properties such as central corneal thickness and corneal hysteresis [27] . However, the pathophysiological mechanism of the reduction in IOP after CE still remains unclear. There are many different theories explaining the possible mechanism. One of them is that CE leads to deepening of the anterior chamber, facilitating aqueous outflow [14, [28] [29] .
Another theory is that the surgical technique used may play an important role [30] . Furthermore, it has been suggested that interleukin-1 (IL-1) plays an important role in the increase of the postoperative aqueous outflow facility. One study found that IL-1 is being released together with tumor necrosis factors by cultured cells of the trabecular meshwork. This in turn may lead to an increased production of matrix metalloproteinases, which enhances tissue remodeling and reduces the resistance of the extracellular matrix, thus increasing the facility of outflow [31] .
We [20] .
Another recent study comparing GAT and PDCT in eyes after vitrectomy also found a 3.1 mm Hg higher IOP measured with GAT in gas-filled eyes [32] . In contrast, several other studies reported PDCT measurements to be higher than GAT with differences ranging from 0.6 to 5.1 mm Hg [6, [33] [34] . The present study showed a poor agreement between the two methods.
This finding is in line with several other studies and implies that measurements with GAT and PDCT should not be used interchangeably [33, 35] .
According to our knowledge, this is the first study comparing in agreement with the current GAT results [36] [37] . In our study, the change in mean IOP differed between the TPPV and TPPV+CE group when it was measured with GAT as well as PDCT. This might suggest that there is a difference in the change of biomechanical properties of the cornea after TPPV and TPPV+CE.
Although the different TPPV indications and tamponades may result in heterogeneity, it is not likely that this influenced our results. For example, it is well known that in eyes with retinal detachment IOP tends to be lower. However, we found no when different types of tamponades were used, and found that the change in IOP was independent of used tamponade [6] .
Similarly, we could not find any significant difference in IOP between the different tamponade-types measured with either GAT or PDCT. Another possible limitation of this study is that preoperative GAT and PDCT measurements were taken by the same trained researcher, whereas postoperative GAT measurements were taken by ophthalmic residents. This could have led to interobserver variability, which has already been proven to be a problem with GAT in previous studies [33, 35, [38] [39] [40] .
Nevertheless, the variability of the postoperative measurements was similar to the preoperative measurements, which diminishes the effect of interobserver variability.
In conclusion, the present study shows a reduced IOP after surgery when measured with GAT and stable IOPs when measured with PDCT. This difference might be influenced by changes in the corneal biomechanical properties after the surgery. However, the difference in pre-and postoperative IOP might also be due to GAT systematically measuring higher IOP's. Evaluation of corneal biomechanical properties such as corneal hysteresis and corneal resistance factor combined with pre-and postoperative measurements of GAT and PDCT is needed to further explore these findings.
